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24  Side-channel chutes, Lower Missouri River

Lisbon Bottom Chute

Lisbon Bottom chute has received the most intensive data collection and analysis among the study
sites. Hydrologic, geomorphic, and hydraulic data have all been collected and are presented here. The
history of Lisbon Bottom chute is summarized in Jacobson and others (2001) and the hydrology of Lisbon

Bottom is described in Jacobson and
Kelly (2002).

Lisbon Bottom isin a
narrow segment of the Missouri
River where tight bends extend from
bluff to bluff (fig. 13). Side-channel
chutes occurred historically in this
segment, presumably as a result of
channel avulsion when bends were
cutoff during floods.

The Lisbon Chute was
formed as a result of levee breaks
during the 1993 flood and
subsequent high flows 1993-1996.
During 1993-1999 there was
minimal engineering influence on
the chute, apart from repeated
attempts to limit flow by repairing
the revetment at the upstream end
(fig. 14). During this time, as much
as 20% of the total Missouri River
flow was through the chute. In June
1999, in consultation with the U.S.
Fish and Wildlife Service, the U.S.
Army Corps of Engineers installed a
grade-control structure across the
chute approximately 450 m
upstream from the downstream end
(fig. 14). The design for the grade-
control structure called for rocks to
be keyed into the banks and
emplaced into a trench in the
channel bed, so it would not affect
flow or impede boat and fish
passage (U.S. Army Corps of
Engineers, 1998b). Beginning in
autumn 1999 and extending through
May 2000, a notched hydraulic
control structure was constructed
approximately 270 m downstream
from the revetment at the upstream
end of the chute (fig. 14). This
structure and the revetment were
designed with notches to allow flow
through the structure 95% of the
time, and to allow an increasing
percentage of total flow with
increasing discharge.
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Figure 13. Location of the modern Missouri River channel (1998), and the
Lisbon Bottom side-channel chute, overlain on the river as it looked in 1879
(Missouri River Commission, 1893).
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The chute widened rapidly 1996 — 1997, followed by a smaller rate of change 1998 - 2002 and
achievement of an apparent equilibrium width (fig. 15). During this time the chute developed a planform
dominated by a braided channel appearance in the upstream one half and a meandering planform in the

downstream one half.
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the Lamine River, but with a drainage area of 0.5% of that of the Missouri River, the influence on the
hydrograph is usually negligible. Figure 7B shows U.S. Army Corps of Engineers daily routing model
data for the current water control plan and the natural hydrograph simulation at Boonville. Compared to
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Figure 14. Aerial photograph of Lisbon Bottom side-channel chute, 2000, showing
extensive sand bars in chute, and locations of the engineered structures.
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The hydrology of Lisbon Bottom can be characterized by the hydrologic record measured 20 miles
downstream at Boonville, Missouri. Between Lisbon and Boonville, the Missouri River receives flow from

the natural hydrograph, the CWCP has less inter-annual variability but maintains the seasonal form of the
natural hydrograph. The greatest departures from the natural hydrograph in the 10-90% exceedance range

are in decreased magnitude of the March-July flood peaks and increased flows during the August-

November low-flow period.
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The hydrology of the chute is controlled by the hydrology of the main channel and the elevations
and geometries of the upstream and downstream entrances. The notches in the upstream revetment and
control structure were surveyed at 178.87 m on December 10, 2002; evidence of erosion in these notches
indicates that these elevations have probably not been static since construction in 2002. Zero flow into the
chute from upstream was independently determined by a survey when the elevation of water in the main
channel was 179.24 m (24,600 cfs at the Boonville gage, U.S. Geological streamflow-gaging station
06909000); at this water-surface elevation there was a very slight flow of water from the chute back into
the main channel. The elevation of the downstream entrance to the chute (outlet, in the center of the
thalweg as of April 2002) was determined from bathymetric survey to be about 177.2 m .

DATE OF SURVEY

Figure 15. A. Graph of average width of the
Lisbon Bottom side-channel chute, 1996-2002. B.
Oblique aerial photograph of the chute in 1999
showing widened, braided portion in the upper
one half.

The hydrology can be characterized by the frequency with which flow enters the chute. Stage-
discharge relations for the upstream and downstream ends of the chute are shown in figure 16. By
characterizing the flow frequency as the percent of time the flow is equaled or exceeded at Boonville, the
frequency with which water flows into the inlet and outlet can be calculated (fig. 17). Zero flow into the
chute at about 24,600 cfs is equaled or exceeded about 97% of the time. Based on the water-surface
elevation at the downstream end of the chute, a surface-water connection (whether or not there is any flux
of water) is estimated to occur down to a discharge of about 18,000 cfs, effectively 100% exceedance. The
stage-discharge relation at the downstream end of the chute is based on fewer measured points and requires
an extrapolation to the limiting elevation.

Discharge measurements in the chute, since closure of the upstream structures in spring 2000,
show an increase in the percentage of flow in the chute as discharge increases in the main channel (fig. 18).
The discharge — percent flow relation can be modeled and used to evaluate how alternative hydrologic
scenarios would affect flow in the chute. For the purposes of this report, we compare the present-day
hydrology (represented by the current water control plan, CWCP), the natural hydrograph (represented by
the run-of-the-river model, ROR), and an environmental alternative management scenario that incorporates
a 20,000 cfs spring rise and a 21,000 cfs low-flow from Gavins Point Dam (GP2021). The comparison
between the CWCP and the GP2021 scenario is intended to illustrate the sensitivity of discharge in the
chute to an environmental flow alternative that was being discussed by Missouri River management
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agencies 2000 — 2002 (U.S. Fish and Wildlife Service, 2000). The CWCP and GP2021 have very similar
effects on discharge in the chute: the CWCP has somewhat lower peak percentages in the early spring, and
higher percentages in mid-July to August (fig. 19). Flows under the GP2021 scenario are somewhat larger
in the late fall and provide more water in the chute because of the need to evacuate greater volumes from
the reservoirs in many years.

Depths and velocities were measured in the chute (25 transects) and the adjacent navigation
channel (22 transects) at 112,000 cfs (December 1997) and 68,800 cfs (May 1998). The distributions of
depths and velocities, calculated as percent of total area (navigation channel plus chute), show how much
habitat is provided by the chute compared to the navigation channel (fig. 20). Similar to the situation in the
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Figure 16. Stage-discharge relations at upstream inlet and downstream
outlet of the Lisbon Bottom side-channel chute. Units in equations: stage in
meters, discharge in cubic feet per second. RM, river mile.

Hamburg Bend side-channel chute, the navigation channel has a wide range of depth and velocity and
virtually all of the variability in the chute fits within the variability of the navigation channel at both
discharges. High variation within the navigation channel results from large areas of slow, shallow habitat,
mainly in wing-dike fields. Hence, the chute does not contribute unique habitat (measured as depth and
velocity) but it does contribute a substantial quantity of slow, shallow habitat. The contribution of the
chute to slow, shallow habitat is greater at lower discharges.

Additional aspects of habitat availability in the Lisbon Chute and adjacent channel were explored
using a 1-dimensional hydraulic model for the reach of the river RM 209 — 220 (fig. 21). The model was
developed in HEC-RAS (U.S. Army Corps of Engineers, 2002), using the Arcview® GeoRas extension.
Input topographic data came from three sources.
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Figure 17. Flow duration of the Missouri River at Boonville and discharges at which flow
enters the inlet and outlet of the Lisbon Bottom and Overton Bottoms side-channel chutes.
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Figure 18. Percent flow in Lisbon Bottom side-channel chute compared to discharge in
main channel as measured at Boonville, Missouri. Q,, discharge in chute; Q,,, discharge in
main channel at Boonville, Missouri.
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1. The flood-plain topography was a 5-m-cell digital elevation model developed by the U.S.
Geological Survey after the 1993 flood.

2. The main-channel topography was a 5-m-cell digital elevation model gridded from 1999
bathymetric survey data collected by the U.S. Army Corps of Engineers (U.S. Army
Corps of Engineers, 1999a).

3. Lisbon chute topography was gridded from a U.S. Geological Survey high-resolution
bathymetric survey in May 2001.

The three gridded datasets were merged together in the order given above to sequentially replace
older data with new data where they overlapped. The resulting topographic dataset (digital elevation
model, DEM) was used to create channel cross sections for input to HEC-RAS hydraulic modeling
software. Forty-five cross sections were defined in the main channel and 16 in the chute; the average
spacing was approximately 350 m. Flood-plain hydraulic roughness was estimated using unpublished
maps of landcover from 1996 (Raymond Arvidson, Washington University of St. Louis, personal
communication, 2001). The model was calibrated under existing conditions by varying roughness values,
using independently developed stage-discharge relations (24,000 — 374,000 cfs) surveyed at RM 218
(Lisbon Chute inlet) and at RM 213 (main channel).

ROR peak
@ 20%

10 I T T | T T T T | T T

At least this percent discharge:
25% of the time
75% of the time

DISCHARGE IN CHUTE, IN PERCENT OF TOTAL
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Figure 19. Duration hydrographs for percentage flow in the Lisbon Bottom side-channel chute. The
gray shaded background is the 25-75% exceedance flows for the natural (ROR) hydrograph; the dark
black lines depict the 25-75% exceedances of the GP2021 alternative, and the blue shaded areas
depict the 25-75% exceedances of the current water control plan.
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Figure 21. Animation of flooding 20,000 — 450,000 cubic feet per second in Lisbon-Jameson reach.
Inundation is calculated from a 1-dimensional hydraulic model. Depths are color coded to indicate shallow-
water habitat
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Habitat availability in the Lisbon Chute and adjacent channel was evaluated as the area of
shallow-water predicted by the 1-dimensional model. The amount of shallow water was calculated by
intersecting the water surfaces generated by the model for each discharge with the DEM.

The Missouri River Biological Opinion (U.S. Fish and Wildlife Service, 2000) identified water
less than 5 feet (1.5 m) deep and less than 2 feet/sec (0.75 m/s) current velocity as an important habitat for
rearing of juvenile fishes. The results of the 1-dimensional model can be analyzed to determine areas of
depths corresponding to SWH, although the model does not give accurate representation of velocities and
so cannot be used to evaluate the velocity component of SWH.

Modeled SWH within the chute increases with increasing discharge 20,000 — 70.000 cfs, and then
declines 70,000 — 100,000 cfs (fig. 22A). From 100,000 to 240,000 cfs, modeled SWH increases as flood-
plain surfaces adjacent to the chute are inundated; the magnitude of the chute contribution to SWH at these
discharges is in part a function of the arbitrary delineation of area accounted to the chute. Discharges of
240,000 — 260,000 generally overflow the entire Lisbon Bottom and are considered equivalent to bankfull
discharge (Jacobson and Kelly, 2002). At discharges greater than about 260,000 cfs, the area of SWH in
and adjacent to the chute decreases.

River discharge management issues typically address low flows that are considerably less than
bankfull. At modeled discharges 20,000 — 140,000 cfs, well within the chute banks, the chute contributes
substantial areas to the total SWH in the modeled reach (fig. 22B). While flows 20,000 — 50,000 cfs
provide SWH area outside the chute as patches marginal to the main channel, the chute doubles available
SWH near 70,000 cfs, and provides substantial additional SWH 50,000 — 140,000 cfs when the main
channel contribution diminishes. The chute therefore increases the range of discharges that provides SWH
in this reach.

Distribution of SWH during the year varies with hydrograph characteristics and whether the entire
modeled reach or just the chute is considered (fig. 23). For the entire area (fig. 23A), all the regulated
discharge scenarios provide more SWH (measured as median daily area from 100 years of modeled
discharges) than the natural hydrograph (ROR) March — mid June. The spike of SWH contributed by the
ROR scenario in June is inundated area outside the chute as flows go overbank. For the area within the
chute, the natural hydrograph (ROR) provides about one third of the SWH area provided by regulated
hydrographs in June because the natural spring rise would tend to deepen the chute greater than 1.5 m.
Flow-modification scenarios have been proposed to increase SWH during late summer by decreasing
discharge in late July and August (GP1528, GP2021, fig. 23B). Because flow scenarios with low July-
August discharges would tend to produce July-August flows less than 70,000 cfs (peak of the chute SWH
habitat availability curve), these scenarios would provide less SWH in the chute than the CWCP (fig. 23B).
The CWCP hydrograph provides the most SWH in the chute in late July because the median flow is
approximately 70,000 cfs, and attains the maximum of the SWH — discharge relation (fig. 22). However,
because the main channel adds in SWH at lower flow (with a peak about 40,000 cfs), SWH availability in
the chute and the main channel are compensatory, resulting in little overall variation in SWH availability
among engineered flow alternatives in the Lisbon Bottom reach (fig 23A).

Exposed, unvegetated sandbars also are considered valuable physical habitat in the Lower
Missouri River, primarily for shorebirds and turtles. Sandbar-area also can be calculated from the 1-
dimensional model by subtracting wetted area from the total area between the high banks. Unlike SWH,
sandbars decrease monotonically in area with increasing discharge (fig. 24). The Lisbon Bottom side-
channel chute provides 31 — 47% of the total sandbar area at discharges 20,000 — 90,000 cfs, indicating that
the chute increases the persistence of sandbars over a wider range of discharges compared to the river
without the chute.
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Figure 22. Shallow-water habitat availability and discharge, Lisbon Bottom side-channel
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20,000 - 450,000 cfs. B. Detailed view of discharges 20,000 - 200,000 cfs showing shallow-
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Figure 23. Shallow-water habitat (SWH, < 1.5 m deep) availability at Lisbon Bottom side-channel chute
by time of year and by discharge scenario. Areas were calculated using a 1-dimensional hydraulic model
for the Lisbon - Jameson Island reach. A. Median of 100 years of daily SWH availability for entire
modeled area. B. Median of 100 years of daily SWH availability within the banks of the chute. CWCP,
current water-control plan; ROR, run of the river model; GP1528, flow scenario with 15,000 cfs spring rise
and 28,000 cfs summer low flow; GP2021, flow scenario with 20,000 cfs spring rise and 21,000 cfs
summer low flow.
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Median sandbar area in the chute and in total for Lisbon Bottom and adjacent areas is shown by
day of the year and by flow scenario in figure 25. The median area is calculated from 100 years of daily
modeled flow values and the sandbar-area relations shown in figure 24. The chute and total sandbar area
graphs have the same general shape: decreasing sandbar area March-June, and increasing sandbar area June
— December. The ROR hydrograph would produce substantially less sandbar area in March-July because
high flows would inundate all bars. The managed flow scenarios produce more sandbar area during this
time. The ROR scenario produces greater sandbar area August — January because low flows would
uncover large areas of bars. The managed flows have substantially less sandbar area August — November
because of higher discharges maintained for navigation. The exception is the GP2021 scenario, which
attains sandbar areas comparable to the ROR flow in July — August during a managed low-flow period.
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Figure 24. Sand-bar area and discharge, Lisbon Bottom side-channel chute and adjacent
area. Calculated from 1-dimensional hydraulic model of the Lisbon-Jameson reach.

In addition to hydrologic variation of habitat availability, geomorphic characteristics of the Lisbon
Bottom side-channel chute have evolved since 1996, changing channel geometry and how habitats are
expressed for a given discharge in the chute. Early evolution of the chute is documented in Jacobson and
others (2001). The most dramatic change measured during 1996 — 2003 has been widening of the chute,
followed by a period of little change in width (fig. 15). Even after the chute appeared to have reached an
equilibrium, the channel continued to erode its banks and migrate laterally (Jacobson and others, 2001).

Three bathymetric resurveys provide information for assessing whether the bed of the chute is
continuing to change through erosion or deposition (fig. 26). Surveys in June 2000, May 2001, and April
2002 were gridded to develop continuous surfaces of elevation. Changes in elevation were assessed by
subtracting grids. The elevation maps document persistence of the main features of the Lisbon Bottom
side-channel chute: the shallow, braided nature of the upstream one half, and the meandering, well-
developed thalweg of the lower one half. Change maps document deepening of the large scour just
downstream of the inlet structure by as much as 9 m, during 2000 — 2001. In this same time period, there
was moderate (one meter or less) aggradation of the central sandbar. The greatest aggradation during 2000
— 2001 occurred in the thalweg in the downstream one third where net deposition was as much as 3 m. (fig.
26D). The April 2002 bathymetric survey was incomplete because of low water, but for the parts that were
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coincident with the May 2001 survey, some trends were evident. The scour hole just downstream of the
inlet structure aggraded by as much as 1-3 m during 2001 — 2002. Also, the surveyed portion of the central
upstream bar showed no appreciable change; and some small areas of moderate deepening (-1 to —2 m)
were evident (fig. 26E).

Geomorphic changes to the Lisbon Bottom side-channel chute during 2000 — 2002 were
dominated by changes in bed elevations, with minor, ongoing lateral erosion of banks. While width trends
support the concept that the chute is approaching or has attained a dynamic equilibrium, the three annual
surveys of bed elevations document measurable aggradation. It is not clear from this short record whether
aggradation is a persistent phenomenon or if it might be reversed over time as the chute adjusts to a more
representative series of flows.
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Figure 25. Exposed sandbar availability at Lisbon Bottom side-channel chute, calculated from 1-
dimensional hydraulic model, by time of year and by discharge scenario. A. Median of 100 years of daily
sandbar availability for entire modeled area. B. Median of 100 years of daily sandbar availability within the
banks of the chute. CWCP, current water-control plan; ROR, run of the river model; GP1528, flow scenario
with 15,000 cfs spring rise and 28,000 cfs summer low flow; GP2021, flow scenario with 20,000 cfs spring
rise and 21,000 cfs summer low flow.
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North Overton Bottoms Chute

The North Overton Bottoms chute was constructed as part of the Missouri River Bank
Stabilization and Navigation Project Fish and Wildlife Habitat Mitigation Project in 2000 (figs 27, 28).
The chute was originally designed and constructed as a shallow, narrow pilot ditch intended to erode to
achieve a more natural shape (U.S. Army Corps of Engineers, 1999b; fig.29). Originally, the length was
about 3,000 m, the top width was nominally 12 m, and bank slopes were 1 on 1.5 (66% or about 34°). The
slope of the chute was designed to be nominally 0.00022. The design set inlet and outlet elevations to
allow water to flow through the chute 50% of the time during April — September. In addition, a sill was
constructed on the adjacent tie-back levee and was designed to pass water at approximately the 2-year flood
(fig. 28).

Hydrologic performance of the chute was determined by developing stage-discharge relations at
the inlets and outlets, and by evaluating as-built survey data. Discharge duration for flow in the inlet and
outlet were calculated in the design documents (U.S. Army Corps of Engineers, 1999b) using flows at
Boonville, Missouri, during “navigation season”, March - September, 1970-1996. It is not clear why the
navigation season was stipulated for calculation of flow duration, nor why the months March — September
were used instead of the conventional Missouri River navigation season, April — November. The March —
September period has higher average discharge, so the design elevations were slightly higher than they
would have been if the conventional definition had been used. For the duration analysis presented here,
flow duration will be calculated using the historical 1967 — 2003 flow data from the Boonville, Missouri,
streamflow-gaging station and the entire year.

The design inlet elevation of 174.0 m would have allowed water in the inlet at about 75,000 cfs, a
flow equaled or exceeded only 30% of the time (figs. 17, 30). As-built surveys, however indicated that the
actual inlet sill elevation was approximately 173.5 m, an elevation that would allow water to flow in at
about 65,000 cfs, or 42% of the time. The design outlet elevation was 172.8 m, and would have allowed
water to flow in the upstream direction through the outlet at about 56,000 cfs, or about 53% of the time.
The as-built survey indicated that the actual elevation was very close at 172.7 m. In early spring 2002, the
outlet (and a short area upstream in the chute) was adaptively deepened approximately 1.4 mto 171.4 m, a
stage that should be equaled or exceeded 90% of the time.

Twenty cross sections were surveyed in October 2001 to compare with the October 2000 as-built
survey. Because the as-built survey used different methods and geographic datum, exact replication was
not possible. The as-built cross sections were located relative to the U.S. Geological Survey cross sections
by estimating position based on stationing along the chute construction reference line. The nearest U.S.
Geological Survey cross section was then matched with the as-built by aligning the centers of the cross
sections; these cross sections are estimated to be no more than 15 m in longitudinal distance from the as-
built sections. In addition, 94 cross sections were measured by echosounder survey during high flow in
May 2002. Some of the bathymetric cross sections can be matched to as-built cross sections and some can
be matched to the October 2001 survey. Locations of all cross sections are shown in figure 28 and data
from 35 cross sections with matched, replicate surveys are shown in figure 31. A longitudinal profile
developed from as-built and October 2001 cross sections is shown in figure 32.

The chute was remarkably stable during this time period despite being subjected to several large
floods (fig. 33). In addition to aggradation of 0.5 — 1.0 m on the downstream one-half of the chute (fig.
32), the chute widened slightly in places, especially in the upper one-third of the cross sections (fig. 31).
Widening at the top of the banks indicates that erosion was primarily from small topples or slumps in the
sandy-silt sediment that comprised the top 1 meter of sediment. In addition, field observations indicated
that widening was associated with bank erosion due to subsurface piping — concentrations of groundwater
through-flow — in sandy sediment below the cohesive layer. Piping apparently led to undermining of the
cohesive layer and subsequent collapse. The combined effect was to create discrete embayments or
scallops along the chute bank where piping and bank collapse led to incipient gullies 2-4 m long oriented
perpendicular to the chute axis. Because the gullies were discrete features no more than 4 m wide, it was
unlikely that surveyed cross sections would record widening associated with these processes.
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Figure 28. Locations of the side-channel chutes and features at North Overton
Bottoms. Red dot markers and numbers refer to monitored cross section stationing
(see figure 31).

Figure 29. Photographs of the North Overton Bottoms side-channel chute during
Spring 2001. A. Flow over grade-control structure; note graded bank slopes. B. After
a medium flow event. Sediment in channel indicates recent deposition; shallow
scallops in banks indicate some lateral erosion processes taking place.
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Another process that was evident in cross section resurveys was accumulation of large woody
debris (LWD, station 160 m, Fig. 31). Unfortunately, because the as-built surveys did not extend for more
than 5-20 meters beyond the top of bank, they cannot be used to evaluate much of the deposition of
sediment or LWD along the chute channel. Some of the cross sections surveyed in October 2001 recorded
the top of LWD and the ground surface below it. These surveys indicated as much as 1.5 m accumulation
of LWD.

LWD also was evaluated using oblique aerial photography and videography collected by the
Missouri Department of Conservation in waterfow! studies (Dale Humburg, Missouri Department of
Conservation, personal communication, 2003). Accumulation of LWD was clearly the most dramatic
geomorphic response of the Overton side-channel chute (figs. 34). LWD accumulation over time was
evaluated using oblique aerial imagery. This method provides semi-quantitative assessment of how much,
when, and where LWD accumulated in the chute. Aerial photography dates are shown in figure 33 and
maps of LWD are shown in figure 35. Little LWD accumulated in the chute during the winter 2000-2001.
In February and March, 2001, three floods overflowed the inlet, each successively larger in discharge.
Photographs taken on March 3 between the second and third flood indicated initial accumulation of LWD
in a jam on the second bend near station 1100 m. The third flood on March 18, 2001 was about 200,000
cfs. Photographs taken March 19 showed that the inlet was packed with LWD, the LWD on the second
bend was breached, and an LWD jam had expanded on the second bend. Water continued flowing through
the inlet until mid July 2001. On March 26, more LWD was apparent and the LWD distribution was little
changed on April 30.

The next available photography was acquired on July 5, 2001 following two months of high flow
that included a flood of 365,000 cfs on June 8, 2001 that was of sufficient stage to flow over the tie-back
levee sill. This flood was estimated to be between a 5 and 10-year recurrence interval (U.S. Army Corps of
Engineers, written communication, 1997). The 365,000 cfs flood mostly cleared the chute channel of large
woody debris, depositing it in three prominent discrete positions: splays on the right and left banks just
downstream of the inlet, splay and levee on the right bank at the tight bend, and two large splays on the
right bank just upstream of the outlet. While the quality of the mapping data is not sufficient to quantify
the volume of LWD, the total area of LWD remaining after the June 8, 2001 flood appears comparable to
the area of LWD mapped on April 30, 2001.
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Figure 31. Monitored cross sections in North Overton Bottoms side-channel chute, surveyed October 2000,
October 2001, and May 2002.
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Figure 31 (cont.). Monitored cross sections in North Overton Bottoms side-channel chute, surveyed October

2000, October 2001, and May 2002.
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Figure 31 (cont.). Monitored cross sections in North Overton Bottoms side-channel chute, surveyed October
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Figure 31 (cont.). Monitored cross sections in North Overton Bottoms side-channel chute, surveyed October
2000, October 2001, and May 2002.
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Figure 31 (cont.). Monitored cross sections in North Overton Bottoms side-channel chute, surveyed October
2000, October 2001, and May 2002.
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Figure 31 (cont.). Monitored cross sections in North Overton Bottoms side-channel chute, surveyed October
2000, October 2001, and May 2002.
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Figure 35. Maps of large woody debris accumulation at North Overton Bottoms side-channel
chute, March 2001 to September 2002. Hydrologic record and map dates are shown in figure 33.
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Figure 35 (cont.). Maps of large woody debris accumulation at North Overton Bottoms side-

channel chute, March 2001 to September 2002. Hydrologic record and map dates are shown in
figure 33.
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There was no appreciable change in LWD accumulation from October 29, 2001 to April 29, 2002,
a period characterized by relatively low flows. By May 15, 2002 more LWD had accumulated in the
upstream one third of the chute than had been there in the spring of 2001. The rapid accumulation of LWD
occurred as discharges increased from 100,000 cfs on April 29 to 222,000 cfs on May 15. This flow was
well over the upstream inlet, but below the stage of the sill.

Discharges and velocities were measured in the chute during the high flow in May 2002.
Measurements were made on May 15 when flow at Boonville was 222,000 cfs, a discharge between a 2 and
5-year flood (U.S. Army Corps of Engineers, written communication, 1997). This discharge was below the
sill elevation but above the banks of the chute. Because flow was over the banks and we could not measure
the component of overbank flow in the trees, discharges measured in the chute are a minimum estimate of
flow over Overton Bottoms. Discharge measured at the upstream end of the chute was about 4,900 cfs, or
2% of the total flow in the main channel. Mean water-column velocity was 0.62 m/sec, and maximum
velocity was 2.59 m/sec; highest velocities were concentrated in the center of the chute in the upstream one
third (fig. 36). Velocities within the banks of the chute were commonly in excess of 1.0 m/sec whereas
velocities in the overbank (grassy or unvegetated surface adjacent to the chute) were typically 0 - 0.7
m/sec. LWD accumulations interacted with flow to alter the typical distribution. Where LWD blocked
flow within the chute banks, flow was diverted around the LWD resulting in overbank velocities that were
appreciably higher (fig. 36 inset). Between the two LWD jams that existed on May 15, 2002, the velocity
distribution was reversed, with greater velocities in the overbank and smaller velocities within the bank.
These data support the idea that LWD accumulations can lead to complex flow patterns and could
eventually create a complex channel pattern.

The design of the Overton Bottoms side-channel chute has been adaptively altered twice since it
was constructed. In the first instance, the outlet and the downstream end were deepened about 1.4 m during
the early spring of 2002. In the second instance the chute was deepened and realigned during the spring of
2003 (fig. 28). Characteristics of the redesigned chute are not within the scope of this report.

Physical Habitat Dynamics in Side-channel Chutes

The side-channel chutes studied for this project are diverse and perhaps each is unique. Studying
these chutes cannot yield a statistical understanding of variation among chutes, but it can illustrate the
range of chute types that exist and something about the processes that are responsible for creating and
sustaining aquatic habitat.

All four of the side-channel chutes contribute shallow, slow current velocity habitat (SWH) that is
in short supply, although not totally absent, in the navigation channel. At Lisbon Bottom the side-channel
chute also was shown to expand the range of discharges and flow duration over which SWH occurs. At
Cranberry Bend and Lisbon Bottom, the combination of deep areas related to the thalweg and shallow areas
in the upstream halves of the chutes contribute to habitat diversity.

How long side-channel chutes will contribute aquatic habitat depends on whether they can sustain
transport of water and sediment. Three of the chutes — Hamburg, Lisbon, and Overton — are young relative
to many other channel features of the Lower Missouri River. They have been created recently and continue
to evolve geomorphically, with a range of engineered controls designed to limit geomorphic change. The
availability and quality of physical habitat measured currently in these chutes may be quite different from
what exists in the future. A dominant idea in the field of geomorphology is the concept of dynamic
equilibrium: that fluvial features will adjust to prevailing discharge and sediment supply to form a stable
geometry. It is possible that these relatively young chutes have not yet reached an equilibrium form, and
are still in the process of adjustment. Adjustment to substantially different geomorphic form would alter
the discharge-habitat relations shown in this report. The concept of equilibrium channel geometry does not
necessarily imply a static channel location, as an equilibrium channel form can exist for an actively
migrating channel.
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Side-channel chutes are not necessarily permanent, sustainable features. As discussed by
Jacobson and others (2001), the characteristics of side-channel chutes are controlled in complex ways by
discharge, sediment transport, and the vertical and horizontal geometries of the inlet and outlet that control
exchange of water and sediment between the main channel and the chute. Some authors argue that side-
channel chutes are inherently unstable and transient features of alluvial rivers, and therefore should be
expected to either fill up with sediment or capture the main channel (Schropp, 1995; Bareneveld and others,
1994). Our geomorphic measurements can shed some light on the question of inherent stability of side-
channel chutes, although the relatively short time frame over which these chutes have existed prevents
conclusive statements.

Limited observation of the planform evolution of the Hamburg Bend side-channel chute indicated
that some bends are eroding laterally in places and constructing a new flood-plain surface at a lower
elevation. The Cranberry Bend chute appears to have been in essentially the same position since 1954, but
as much as 48 m of recent lateral erosion of the right bank at Cranberry Bend is evident from comparison
of bank positions in our data to the bank position in 1994 navigation charts (fig. 8).

The Lisbon Bottom side-channel chute widened rapidly in the first 4 years and then reached an
apparent equilibrium width (fig. 15). Similarly, the rate of lateral movement has decreased (see Jacobson
and others, 2001). Combined with evidence of aggradation these facts suggest that the Lisbon Chute may
be filling in. It is unlikely that the chute would ever fill completely because the notched revetment and lack
of levee at the upstream end would allow flows into the chute at lower stages than other sites along the
channel. Instead, if sediment continues to accumulate in the chute, it would probably evolve to a narrower
channel flanked by newly constructed flood plain. Flood plain constructed by the chute would be expected
to provide riparian aquatic-terrestrial habitats that would be inundated more frequently than the present
flood-plain surface of Lisbon Bottom. The ultimate fate depends on details of the sediment budget for the
chute, which is highly dependent on the sequence of floods, geometry of the two inlet notches, and
sediment transport through the notches. Sediment transport and the fate of the chute may be altered by
ongoing adaptive management of the notch geometry.

The North Overton Bottoms side-channel chute was originally designed as a pilot chute that would
use the river’s energy to create an equilibrium morphology, assumed to be a shallow, meandering channel
with an ultimate width of 30 — 46 m (U.S. Army Corps of Engineers, 1999b, p. 9). In apparent
contradiction, however, the design also called for training structures to create deep-water habitats and to
assure that a sinuous channel would result (U.S. Army Corps of Engineers, 1999b, p. 11). While
conceptually designed to erode an equilibrium channel, the conservative design of inlet and outlet
structures that allowed flow through a relatively small percentage of the time (fig. 17) and channel side
slopes specifically designed to be stable (U.S. Army Corps of Engineers, 1999b, p. 14) worked to slow the
equilibration process. Our surveys indicated that the original chute was not widening as expected, except
in limited areas where piping created embayments in the bank and where complex flow around large
woody debris jams caused bank scalloping (fig. 31). In addition, the longitudinal profile of the chute
indicated that the original configuration was leading to aggradation of the downstream end (fig. 32).

With time, the North Overton Bottoms pilot chute may have evolved to the conceptual slow,
shallow, meandering channel envisioned in the design documents (U.S. Army Corps of Engineers, 1999b).
However, the chute showed remarkable stability even after being subjected to floods of 2-5 and 5-10 year
recurrence (fig. 33). The most dynamic geomorphic change during this period was the accumulation and
flushing of LWD. LWD is considered to be an important aspect of river ecosystems (Orth and White,
1999) and is thought to be greatly diminished in the Missouri River compared to the historical condition
(National Research Council, 2002). The accumulations of LWD in the chute presented substantial
ecological value as they provided stable substrate for invertebrates, cover for fish species, and organic
material for energy. In contrast to depth and velocity contributions of chutes, which overlap with depths
and velocities provided by the main channel, LWD is a unique ecological feature of side-channel chutes.
LWD is extremely scarce in the main channel of the Lower Missouri River. In addition, the limited bank
erosion that was noted in the North Overton chute was associated with secondary flows around the margins
of the LWD rafts, indicating that LWD could eventually contribute to development of physical habitat
diversity. From an engineering perspective, however, the LWD accumulations also had the potential to
cause unpredictable erosion or sedimentation. In response to the LWD accumulation, evidence of
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aggradation, and lower-than-expected flows in the chute, the chute was adaptively redesigned in spring
2003 to create a much wider, deeper, shorter and steeper channel that would receive more flow, more
frequently through the inlets and outlets. Monitoring of this new phase of the experiment is continuing and
performance will be documented in a future report.

Summary and Conclusions

Hydrologic, hydraulic, and geomorphic characteristics of four side-channel chutes in the Lower
Missouri River document a wide range of physical habitat potential. The Cranberry Bend side-channel
chute has existed for at least 40 years and is an example of a persistent, minimally engineered chute. The
Lisbon Bottom side-channel chute was created by extreme floods during 1993 — 1996 and was allowed to
evolve with minimum engineering. The Hamburg Bend and North Overton Bottoms side-channel chutes
were constructed in 1996 and 2000, respectively, as part of the Missouri River Bank Stabilization and
Navigation Fish and Wildlife Mitigation Project.

All of the side-channel chutes provide increased areas of shallow, slow water habitat (SWH) to the
total available in the river corridor. Depths and velocities measured in side-channel chutes are also present
in the main channel, but the chutes provide additional areas of SWH and they increase the range of
discharges over which SWH is present. The 2.2 mile long Lisbon Bottom chute, for example, provides as
much as 50% of all of the shallow water habitat that exists in the encompassing 9.6 mile reach of the river.
At Cranberry Bend and Lisbon Bottom, the side-channel chutes provided 10 — 40% of the available sandbar
area in the encompassing reaches, depending on discharge. Each of the side-channel chutes shows
evidence of continuing erosion and deposition. The longevity of the Cranberry Bend chute attests to
dynamic stability — that is, a chute that maintains form and processes while shifting in position. The
Hamburg Bend chute similarly shows evidence of lateral movement and construction of flood plain to
compensate for erosion. The Lisbon Bottom chute — the most intensively studied chute — appears to have
achieved an equilibrium width and continues to migrate slowly; however, evidence of aggradation indicates
that the chute has not reached an ultimate form, and may be continuing to adjust to altered hydrology and
sediment availability. The North Overton Bottoms chute, the newest chute in the study, was originally
constructed as a pilot chute that was meant to erode. However, the chute proved to be extremely stable,
even while being subjected to two floods in excess of 2-year recurrence interval and after accumulating
large, potentially destabilizing LWD jams. Ongoing adaptive re-engineering of the Overton chute has
prevented assessment of how the chute might have adjusted its form in the absence of intervention.

While the side-channel chutes studied for this report are currently providing substantial areas of
sandbar and shallow-water habitats, ongoing geomorphic adjustment of the chutes makes prediction of their
ultimate habitat contribution uncertain. Continued monitoring of physical habitat and biological responses
will be necessary to understand their long-term contribution to restoration and management of the Lower
Missouri River.
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